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 Ϯ
7KH SODVPLGPHGLDWHG mcr-1 JHQH HQFRGHV D SKRVSKRHWKDQRODPLQH WUDQVIHUDVH
FRQIHUULQJ UHVLVWDQFH WR SRO\P\[LQV 7KH mcr-1 JHQH LV DVVRFLDWHG ZLWK LQVHUWLRQ
VHTXHQFH ,6Apl1 ,630 IDPLO\ ,QYLWUR PRELOL]DWLRQ DVVD\V GHPRQVWUDWHG WKH
IXQFWLRQDOLW\RIWKHFRPSRVLWHWUDQVSRVRQVWUXFWXUH,6Apl1mcr-1,6Apl17UDQVSRVLWLRQ
JHQHUDWHG D ES GXSOLFDWLRQ DQG RFFXUUHG LQ $7ULFK '1$ UHJLRQV 7KLV LV WKH ILUVW
UHSRUWGHPRQVWUDWLQJWKHPRELOLW\RIWKHmcr-1JHQHE\WUDQVSRVLWLRQ
 
 ϯ
6LQFH LWV GLVFRYHU\ E\ WKH HQG RI   WKH RFFXUUHQFH RI WKH SODVPLGPHGLDWHG
FROLVWLQUHVLVWDQFHJHQHmcr-1KDVEHHQUHSRUWHGZRUOGZLGH7KLVJHQHKDVQRZEHHQUHSRUWHG
IURP KXPDQ HQYLURQPHQWDO DQG DQLPDO VDPSOHV  DQG DOVR IURP UHWDLO IRRG  LQ D
YDULHW\ RI HQWHUREDFWHULDO VSHFLHV HYHQ WKRXJK PRVWO\ LQ Escherichia coli 5HWURVSHFWLYH
VWXGLHVUHSRUWHG0&5SURGXFLQJFROLVWLQUHVLVWDQWLVRODWHVDVHDUO\DVLQWKHODWHV
EXWVHYHUDOVWXGLHVVXJJHVWWKDWVSUHDGRIWKHmcr-1JHQHLVRQDULVLQJWUHQG
9DULRXV SODVPLGV PD\ FDUU\ WKH mcr-1 JHQH LQFOXGLQJ WKRVH EHORQJLQJ WR WKH
LQFRPSDWLELOLW\JURXSV ,QF; ,QF, ,Q+, ,QF) ,QF<DQG ,QF3 7KLVJHQH LVRIWHQ
LGHQWLILHGLQDVVRFLDWLRQZLWKWKHLQVHUWLRQVHTXHQFH,6Apl1WKDWPD\SOD\DPDMRUUROHLQLWV
PRELOL]DWLRQ
,6Apl1 EHORQJV WR WKH ,630 IDPLO\ DQG ZDV ILUVW LGHQWLILHG LQ Actinobacillus 
pleuropneumoniae D*UDPQHJDWLYHURGRIWKHPasteurellaceae IDPLO\EHLQJDFDXVDWLYH
DJHQWRISRUFLQHQHFURWLFSOHXURSQHXPRQLD,WLVDESORQJPRELOHHOHPHQWSRVVHVVLQJD
ES25)HQFRGLQJDDPLQRDFLGWUDQVSRVDVHFRQWDLQLQJD''(GRPDLQFRQWDLQLQJWKH
FDUER[\ODWH UHVLGXHV EHOLHYHG WR EH UHVSRQVLEOH IRU FRRUGLQDWLQJ PHWDO LRQV QHHGHG IRU
FDWDO\VLV ,W LV IODQNHGE\ WZR LPSHUIHFWES LQYHUWHG UHSHDWV ,5V H[KLELWLQJEDVHSDLU
PLVPDWFKHV ,QD UHFHQWVWXG\DQ LQWHUPHGLDWHFLUFXODU IRUPRI ,6Apl1 DVVRFLDWHGZLWK
 ϰ
mcr-1 ZDV GHWHFWHG VXJJHVWLQJ WKDW ,6Apl1 PLJKW EH LQYROYHG LQ WKH PRELOL]DWLRQ RI WKLV
UHVLVWDQFHJHQH0RUHRYHUDFDESRSHQUHDGLQJIUDPHKDVEHHQLGHQWLILHGGRZQVWUHDP
RIWKHmcr-1 JHQHLQPRVWRIWKH0&5SURGXFHUV7KLVVHTXHQFHLVEHOLHYHGQRWSOD\LQJDQ\
UROHLQFROLVWLQUHVLVWDQFHQHYHUWKHOHVV LWVSXWDWLYHUROH LQWKHPRELOL]DWLRQRI WKHmcr-1
JHQHUHPDLQVWREHGHWHUPLQHG5HFHQWZRUNVVKRZHGWKDWmcr-LVSDUWRIDES
FDVVHWWHFRQWDLQLQJSURPRWHUVHTXHQFHVIRUmcr-H[SUHVVLRQDQGEUDFNHWHGLQPRVWFDVHVE\
WZRGLUHFWFRSLHVRI,6Apl1VXJJHVWLQJWKDWLWPD\FRQVWLWXWHDFRPSRVLWHWUDQVSRVRQHOHPHQW
7KHUHIRUH WKH DLP RI RXU VWXG\ ZDV WR GHWHUPLQH H[SHULPHQWDOO\ ZKHWKHU ,6Apl1 FRXOG
DFWXDOO\PRELOL]HWKHmcr-1JHQH
6LQFH SUHOLPLQDU\ H[SHULPHQWV VKRZHG WKDW FORQLQJ WKH mcr-1 JHQH LQ UHJXODU
UHFRPELQDQWYHFWRUVLVGLIILFXOWOLNHO\GXHWRDWR[LFHIIHFWRI0&5RQFHRYHUSURGXFHGLQ
E. coliGDWDQRWVKRZQDWUXQFDWHGIRUPRImcr-1ZDVFUHDWHGE\LQVHUWLQJWKHbla7(0JHQH
LQWRWKHFRGLQJVHTXHQFH RImcr-1 DVVKRZQLQ)LJXUH7KHQWZRVWUXFWXUHVZHUHDQDO\]HG
EHLQJ WKHHQWLUHFRPSRVLWH WUDQVSRVRQEUDFNHWHGE\ WZRFRSLHVRI ,6Apl1HQFRPSDVVLQJ WKH
mcr-1bla7(0 JHQH DQG WKH VDPH VWUXFWXUH GHOHWHG IURP WKH ULJKWKDQG FRS\ RI ,6Apl1.
7KRVH WZR GLIIHUHQW JHQHWLF VWUXFWXUHV QDPHO\ ,6Apal1mcr-1bla7(0orf,6Apl1 DQG
,6Apl1mcr-1bla7(0orf UHVSHFWLYHO\ZHUHREWDLQHGE\3&5DQGWKHQOLJDWHGDQGFORQHG
 ϱ
LQWRSODVPLGS1.S$S7232¨ODF3.DQ5JLYLQJULVHWRUHFRPELQDQWSODVPLGVS1.
DQGS1.UHVSHFWLYHO\7KRVHSODVPLGVZHUHWUDQVIRUPHGLQWRE. coli723,QYLWUR*HQ
7KHUPR)LVKHU6FLHQWLILF(FXEOHQV6ZLW]HUODQGDQGVHOHFWHGRQWR/XULD%HUWDQL/%DJDU
SODWHV VXSSOHPHQWHG ZLWK  JPO RI DPSLFLOOLQ DQG  JPO RI NDQDP\FLQ 3ODVPLGV
S1. DQG S1. ZHUH WKHQ WUDQVIRUPHG LQWR WKH E. coli VWUDLQ 5= FRQWDLQLQJ WKH
WUDQVIHUSURILFLHQW S2; ) SODVPLG FDUU\LQJ D JHQWDPLFLQ UHVLVWDQFH JHQH  3ODVPLG
S2;LVDVHOIFRQMXJDWLYHDQG,6IUHHSODVPLGHQFRGLQJUHVLVWDQFHWRJHQWDPLFLQWKDWVHUYHV
DV D WDUJHW IRU WUDQVSRVLWLRQ HYHQWV WKDWPD\ EH VHDUFKHG VHDUFKHG DIWHU  K RI JURZWK DV
GHVFULEHG%\FRQMXJDWLQJWKHS2;SODVPLGLQWRDQRWKHUE. coliUHFLSLHQWVWUDLQXVLQJ
JHQWDPLFLQ DV VHOHFWLYH PDUNHU LW LV WKHUHIRUH SRVVLEOH WR LVRODWH DQG LGHQWLI\ SXWDWLYH
WUDQVSRVLWLRQHYHQWV
&ORQHVZHUHVHOHFWHGRQWR/%DJDUSODWHVVXSSOHPHQWHGZLWKDPSLFLOOLQJPO
NDQDP\FLQ  JPO DQG JHQWDPLFLQ  JPO E. coli 5= KDUERULQJ UHFRPELQDQW
SODVPLGVS1.RUS1.ZHUHXVHGDVGRQRUVIRUFRQMXJDWLRQH[SHULPHQWVZLWKWKHD]LGH
UHVLVWDQWE. coli VWUDLQ -%ULHIO\ WKHGRQRU DQG UHFLSLHQW VWUDLQVZHUH VHSDUDWHO\FXOWXUHG
RYHUQLJKW DQG WKHQ VXEFXOWXUHG IRU K LQ RUGHU WR UHDFK WKH H[SRQHQWLDO SKDVH0DWLQJRXW
DVVD\ZHUHSHUIRUPHGRQVROLGPHGLDXVLQJILOWHUVZLWKDGRQRUUHFLSLHQWUDWLR$IWHUK
 ϲ
RI LQFXEDWLRQ ILOWHUV ZHUH UHVXVSHQGHG LQ 1D&O  DQG EDFWHULDO PL[WXUHV ZHUH SODWHG
RQWRDJDUSODWHVVXSSOHPHQWHGZLWKJHQWDPLFLQJPODQGVRGLXPD]LGHJPORU
RQWRDJDUSODWHVVXSSOHPHQWHGZLWKJHQWDPLFLQVRGLXPD]LGHDQGDPSLFLOOLQJPO$OO
*HQ5$]LGH5$PS5 FRORQLHV ZHUH VFUHHQHG IRU NDQDP\FLQ VXVFHSWLELOLW\ WR H[FOXGH WKH
VSRQWDQHRXV E. coli 5= D]LGHUHVLVWDQW PXWDQWV RU SRVVLEOH FRLQWHJUDWLRQ HYHQWV WKDW
PLJKW QRW FRUUHVSRQG WR WUDQVSRVLWLRQ HYHQWV 7KH WUDQVSRVLWLRQ IUHTXHQF\ZDV REWDLQHG E\
GLYLGLQJ WKH QXPEHU RI *HQ5$]LGH5$PS5.DQ6 FRORQLHV E\ WKH QXPEHU RI *HQ5$]LGH5
WUDQVFRQMXJDQWV ,Q WRWDO ZH VHOHFWHG UDQGRPO\  *HQ5$]LGH5$PS5.DQ6 WUDQVSRVDQWV
UHFRYHUHG IURP WKH FRQMXJDWLRQ H[SHULPHQW XVLQJ 5=S1. DV GRQRU DQG LGHQWLILHG
VHYHQGLVWLQFWWUDQVSRVLWLRQHYHQWV)LJXUH1RWUDQVSRVDQWZDVIRXQGZLWKWKHVWUDLQ5=
S1.XVHGDVGRQRURQO\DVLQJOHFRS\RI,6Apl17KHWUDQVSRVLWLRQIUHTXHQF\GHWHUPLQHG
LQE. coli - ZLWK S1. DV GRQRU SODVPLG ZDV HVWLPDWHG WR EH DW  [  ZKLFK LV
UHODWLYHO\ ORZ 7KH LQVHUWLRQ VLWHV RI WKH ,6Apl1mcr-1bla7(0orf,6Apl1 FDVVHWWH ZHUH
GHWHUPLQHG E\ XVLQJ DQ LQYHUVH 3&5 VWUDWHJ\ %ULHIO\ '1$ IURP WKH WUDQVSRVDQWV ZDV
H[WUDFWHGXVLQJ WKH*HQ(OXWH%DFWHULDOJHQRPLFNLW 6LJPD$OGULFKDQGZDVGLJHVWHGE\
WKH 3VW, UHVWULFWLRQ HQ]\PH ,Q9LWURJHQ 'LJHVWHG IUDJPHQWV ZHUH VHOIFLUFXODUL]HG E\
OLJDWLRQDQGXVHGDVWHPSODWHVIRUUHYHUVH3&5XVLQJRXWZDUGSULPHUVDVOLVWHGLQ7DEOHDQG
 ϳ
LQGLFDWHGRQ)LJXUH6LQFHWZR3VW,UHVWULFWLRQVLWHVZHUHORFDWHGLQWRWKHbla7(0DQGmcr-1
JHQHV UHVSHFWLYHO\ WZR3&5DPSOLILFDWLRQVSHU WUDQVSRVDQWZHUHSHUIRUPHG7KHILUVW3&5
DPSOLILFDWLRQZDVSHUIRUPHGXVLQJSULPHUV,6Apl163DQG7(0)ZDQGDVHFRQG3&5ZDV
SHUIRUPHGXVLQJSULPHUVPFUVRXWK5YDQG,6Apl1¶)ZLQRUGHUWRFKDUDFWHUL]HWKH¶DQG
¶JHQHWLFFRQWH[WVRIWKHLQVHUWLRQVUHVSHFWLYHO\6HTXHQFLQJRIWKHFRUUHVSRQGLQJDPSOLFRQV
UHYHDOHG WKDW WUDQVSRVLWLRQ HYHQWV RFFXUUHG LQ VHYHQ GLIIHUHQW VLWHV QDPHO\ ,QV WR ,QV
)LJXUH $ WKH ZKROH PRELOL]HG WUDQVSRVRQ EHLQJ DOZD\V ES LQ VL]H (DFK
WUDQVSRVLWLRQHYHQWJHQHUDWHGESGLUHFWUHSHDWVDWWKH LQVHUWLRQVLWH)LJXUH%+LJK$7
ULFK'1$VHTXHQFHVZHUHLGHQWLILHGRQWKHWZRIODQNLQJUHJLRQVRIDOOLQVHUWLRQVLWHV)LJXUH
%2XUGDWDDUH LQDFFRUGDQFHZLWKSUHYLRXVVWXGLHVVKRZLQJWKDW ,6Apl1 OLNHRWKHU ,630
OLNH HOHPHQWV WDUJHWV SUHIHUHQWLDOO\ $7ULFK VHTXHQFHV  1RWHZRUWK\ LQVLOLFR DQDO\VLV
VKRZHGWKDWLQPRVWRIWKHVHTXHQFHGSODVPLGVWKHmcr-1JHQHLVIODQNHGE\$7ULFKUHJLRQV
2XUUHVXOWVVXSSRUWWKHUHIRUHWKHK\SRWKHVLVPDGHE\6QHVUXGHWDOVXJJHVWLQJWKDWWKH
PRELOL]DWLRQRImcr-1 LVPHGLDWHGE\ D FRPSRVLWH WUDQVSRVRQ 7KH IDFW WKDW WKHmcr-1
JHQHZDV DVVRFLDWHGZLWK RQO\ D VLQJOH FRS\ RI ,6Apl1 DW LWV ¶ H[WUHPLW\ LQ VRPH VWXGLHV
PLJKWEHH[SODLQHGE\WKHFKDUDFWHULVWLFRI,630IDPLO\PHPEHUVWRH[FLVHRQHFRS\RIWKH,6
HOHPHQW E\ WUDQVSRVLWLRQ RU E\ LOOHJLWLPDWH UHFRPELQDWLRQV HYHQWV DIWHU WUDQVSRVLWLRQ RI WKH
 ϴ
RULJLQDOFRPSRVLWHWUDQVSRVRQLQRUGHUWRVWDELOL]HWKHJHQHWLFVWUXFWXUHRQFHLQWHJUDWHG
7KLVK\SRWKHVLV DJUHHVZLWK WKH ODFNRI WUDQVSRVLWLRQ HYHQW REVHUYHGXVLQJ WKHS1.
FRQVWUXFW
+HUH ZH GHPRQVWUDWH WKH HIIHFWLYH PRELOL]DWLRQ RI WKHmcr-1 JHQH ORFDWHG LQWR D
FRPSRVLWHWUDQVSRVRQQDPHG7Q6330.2 EDVHGRQLQVLOLFRFRPSDULVRQZLWK7Q63307KLV
ZRUN FRQILUPV SUHYLRXV K\SRWKHVHV  FRQVLGHULQJ WKDW WKHmcr-1 JHQHKDGEHHQ LQLWLDOO\
PRELOL]HGE\WZRFRSLHVRI,6Apl1IURPDQXQNQRZQSURJHQLWRU WDUJHWLQJEURDGKRVWUDQJH
SODVPLGV WKDW VXEVHTXHQWO\ WUDQVIHUUHG WKLV UHVLVWDQFH JHQH LQWR (QWHUREDFWHULDFHDH
,QWHUHVWLQJO\RXUYHU\UHFHQWZRUNVKRZHGWKDWMoraxellaVSHFLHVDUHQDWXUDOVRXUFHVRImcr
OLNHJHQHVDQGPD\KDUERU,6Apl1HOHPHQWV7KHUHIRUHPRELOL]DWLRQRIWKHmcr-1JHQH
PLJKW KDYH RFFXUUHG LQWR DMoraxella VSHFLHV VWLOO WR EH SUHFLVHO\ LGHQWLILHG DQ ,6Apl1
PHGLDWHGWUDQVSRVLWLRQSURFHVV)XUWKHUVWXGLHVDUHEHLQJFRQGXFWHGWRUHSURGXFHPRELOL]DWLRQ
RImcrOLNHJHQHVIURPVXFKEDFWHULDOVRXUFHVE\,6Apl1PHGLDWHGWUDQVSRVLWLRQ
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7KLVZRUNKDVEHHQIXQGHGE\WKH8QLYHUVLW\RI)ULERXUJE\JUDQWVIURPWKH$1,:+$(5$
1(7SURMHFW6ZLW]HUODQGE\WKH2)63%HUQ6ZLW]HUODQG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DQGE\WKH1RYDUWLV
)RXQGDWLRQIRUPHGLFDOELRORJLFDO5HVHDUFK
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6KHQ-(PHUJHQFHRISODVPLGPHGLDWHGFROLVWLQUHVLVWDQFHPHFKDQLVP0&5
LQ DQLPDOV DQG KXPDQ EHLQJV LQ &KLQD D PLFURELRORJLFDO DQGPROHFXODU ELRORJLFDO
VWXG\/DQFHW,QIHFW'LV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 2FFXUUHQFH RI WKH SODVPLGERUQHmcr-1 FROLVWLQ UHVLVWDQFH JHQH LQ H[WHQGHG
VSHFWUXPODFWDPDVHSURGXFLQJ Enterobacteriaceae LQ ULYHU ZDWHU DQG LPSRUWHG
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$JHQWV&KHPRWKHU
 ϭϬ
 =KDR))HQJ</X;0F1DOO\$=RQJ=$Q ,QF3SODVPLG FDUU\LQJ WKH
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-   E. coli  $]LGHUHVLVWDQWLVRODWHXVHGIRUPDWLQJRXWH[SHULPHQWV

/^Ɖůϭ ŵĐƌͲϭ /^ƉůϭŽƌĨ
/^Ɖůϭ ďůĂdDͲϭ /^ƉůϭŽƌĨ
Ăŵ,/
ĐŽZ/^ĂĐ/
EŚĞ/
EŚĞ/
Ăŵ,/
/^Ɖůϭ ŽƌĨ
EŚĞ/
Ăŵ,/
/^Ɖůϭ ŵĐƌͲϭ /^ƉůϭŽƌĨ;Ϳ
&ŝŐƵƌĞϭ
;Ϳ
;Ϳ
;Ϳ ďůĂdDͲϭ
ďůĂdDͲϭ
ϭ Ϯ ϯ ϰ
/^Ɖůϭ /^ƉůϭŽƌĨ
'd'dddd   ddd'dd'
'd'dddd   ddd'dd'
'd'dddd   ddd'dd'
'd'dddd   ddd'dd'
'd'dddd   ddd'dd'
'd'dddd   ddd'dd'
'd'dddd   ddd'dd'
d

'
'
'
'
d'
d

'
'
'
'
d'
777$77&&*&
7$$$$$$&7*
*7$7$$*$$7
**$$$$$777
*$$$7&&*&*
777$$$$$**
$&7$$7$$&$
&7*$$$$7$&
$7777&$$$$
&7*$77777*
$7*$7$77$$
$$7$$7777*
*$*77777$7
&7*$77$77*







/ŶƐͲϭ
/ŶƐͲϮ
/ŶƐͲϯ
/ŶƐͲϰ
/ŶƐͲϱ
/ŶƐͲϲ
/ŶƐͲϳ

/Z> /ZZZ Z
dŶϲϯϯϬ͘Ϯ
Ϭ ƉKyϯϴͲ'ĞŶ
/ŶƐͲϭ
/ŶƐͲϰ
/ŶƐͲϱ
ϭϱ ϯϬ ϰϱ ϱϱ͕ϭŬď
;Ϳ
;Ϳ
&ŝŐƵƌĞϮ
ďůĂdDͲϭ
/ŶƐͲϮ
/ŶƐͲϯ
/ŶƐͲϲ
/ŶƐͲϳ
